Muscle deoxygenation as related to work rate.
The kinetics of the decrease in venous O(2) content in response to constant work rate exercise below the lactic acidosis threshold (LAT) is very rapid, reaching a constant value by approximately 1 min. However, for work rates above the LAT, a slow further decrease in venous O(2) content takes place that is attributable to the Bohr effect rather than further decrease in end capillary PO. We hypothesized that similar differences, with respect to the LAT, will be observed in muscle deoxygenation kinetics when studied with near-infrared spectroscopy (NIRS). Twelve normal subjects performed three constant work rate tests from unloaded cycling at 60% of LAT, 80% LAT, each with four repetitions, and above LAT (LAT + 35% between LAT and VO(2max) three times, on a cycle ergometer for 6 min. We measured tissue deoxygenation with NIRS, with the probe over the vastus lateralis muscle, time-averaging the repetitions. Gas exchange and heart rate (HR) were measured breath-by-breath and beat-by-beat. Tissue deoxygenation kinetics were significantly faster than VO(2) and HR at 60%- and 80%-LAT work rates. By 1 min of exercise, deoxygenation was constant for the work rate below the LAT. At 30 s, tissue deoxygenation was 70-95% complete, whereas VO(2) and HR were only 30-60% complete. For the work rate above the LAT, a steady state for muscle deoxygenation was not reached during the 6 min of exercise. After 1 min of above-LAT exercise, either one of two patterns of slow change in tissue oxygenation developed, deoxygenation or reoxygenation. It is postulated that these different responses might be due to effects of the exercise lactic acidosis. H accompanying lactate increase might cause further deoxygenation due to the Bohr effect, and acidosis-induced vasodilatation might cause reoxygenation after the initial deoxygenation. 1) The kinetics of tissue deoxygenation are significantly more rapid than VO(2) and HR kinetics at all work rates studied, and 2) steady-state in tissue deoxygenation is seen by 1 min of constant work rate exercise below the LAT, but this is much delayed for work rates above the LAT.